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ALT

:   alanine aminotransferase

ELF

:   enhanced liver fibrosis

FDA

:   US Food and Drug Administration

FIB‐4

:   Fibrosis‐4 index

MRE

:   magnetic resonance elastography

NAFLD

:   nonalcoholic fatty liver disease

NASH

:   nonalcoholic steatohepatitis

NFS

:   NAFLD fibrosis score

OCA

:   obeticholic acid

SEL

:   selonsertib

T2D

:   type 2 diabetes

VCTE

:   vibration‐controlled transient elastography

Nonalcoholic fatty liver disease (NAFLD) is now considered a global epidemic affecting 25% of the population worldwide.[1](#hep41342-bib-0001){ref-type="ref"} Nonalcoholic steatohepatitis (NASH) is considered the advanced form of NAFLD and the driving force behind the development of fibrosis and eventually cirrhosis and its complications. In adults in the United States, NASH cirrhosis is the leading cause of liver transplantation in women,[2](#hep41342-bib-0002){ref-type="ref"} the second leading cause of liver transplantation in men, and contributes significantly to the increased incidence of hepatocellular carcinoma.[3](#hep41342-bib-0003){ref-type="ref"} Patients with NASH and advanced fibrosis defined as the presence of bridging fibrosis (F3) or cirrhosis (F4) have the highest rates of liver‐related morbidity and mortality,[4](#hep41342-bib-0004){ref-type="ref"}, [5](#hep41342-bib-0005){ref-type="ref"}, [6](#hep41342-bib-0006){ref-type="ref"} making them the group with the highest unmet need for treatment.

Luckily, over the past few years, there has been great interest from all major stakeholders in developing effective treatments for these patients. In the near future, more than one drug that can improve fibrosis may be approved, paving the way to being able to provide valuable treatment. Two drugs in late‐stage development are the farnesoid X receptor (FXR) agonist obeticholic acid (OCA) and the apoptosis signal--regulating kinase 1 inhibitor selonsertib (SEL). There are two large phase III clinical trials, REGENERATE evaluating OCA in patients with NASH and stage 2‐3 fibrosis and STELLAR 3 evaluating SEL in patients with NASH and stage 3 fibrosis, which are on target to have results in the first half of this year.[7](#hep41342-bib-0007){ref-type="ref"} In fact, a recent press release revealed positive preliminary results from the REGENERATE trial on improvement in liver fibrosis, but full results are not available yet. The RESOLVE‐IT trial is testing the efficacy of elafibranor, a dual peroxisome proliferator--activated receptor α/δ agonist, on histological improvement defined as NASH resolution without worsening of fibrosis. In addition, the AURORA phase III trial is enrolling patients with NASH fibrosis to be treated with cenicriviroc, a chemokine receptor type 2 and type 5 dual inhibitor with antifibrotic efficacy. Other compounds have shown efficacy at different levels of disease development and progression, including those with metabolic, anti‐inflammatory, and antifibrotic effects providing a robust pipeline for drug development.[8](#hep41342-bib-0008){ref-type="ref"}, [9](#hep41342-bib-0009){ref-type="ref"}

For patients to qualify for these medications, they will most likely need to have stage 3 or 4 fibrosis, and the primary treatment endpoint will be improvement of fibrosis by at least one stage. However, several challenges are likely to arise immediately after US Food and Drug Administration (FDA) approval of medications intended to treat fibrosis, including choosing the best approach for identifying patients with NASH‐associated advanced fibrosis, the duration of treatment, methods to assess response to treatment, and finally, decision‐making tools to determine futility and the need to add on or switch treatments, especially when additional medications become available. The objective of this review is to outline key clinical challenges that physicians face in managing patients with NASH. A summary of these challenges is shown in Fig. [1](#hep41342-fig-0001){ref-type="fig"}.

![Summary of future challenges in the management of fibrotic NASH treatment.](HEP4-3-605-g001){#hep41342-fig-0001}

Challenge \#1: Most Patients With NASH‐Associated Advanced Fibrosis and Cirrhosis Are Not Identified {#hep41342-sec-0002}
====================================================================================================

Recent data demonstrated that approximately 4.5 million people might have advanced fibrosis related to NASH in the United States.[10](#hep41342-bib-0010){ref-type="ref"} Unfortunately, studies by our group and others have clearly shown that most patients with end‐stage liver disease secondary to NASH had no previous diagnosis of liver disease.[11](#hep41342-bib-0011){ref-type="ref"}, [12](#hep41342-bib-0012){ref-type="ref"} This is related to the lack of clear guidance on whom to screen for NASH and how to do it in high‐risk individuals. The most recent European Association for the Study of the Liver guidelines recommend screening for fatty liver in patients at risk, including those who meet the criteria for metabolic syndrome (MetS), by obtaining their alanine aminotransferase (ALT) level and a liver ultrasound.[13](#hep41342-bib-0013){ref-type="ref"} Several studies have shown the high burden of NAFLD and advanced fibrosis in patients with type 2 diabetes (T2D), making them a high target for screening.[14](#hep41342-bib-0014){ref-type="ref"} However, multiple issues surround the proposition to screen for NAFLD in high‐risk groups, including the lack of cost‐effectiveness studies.

ALT‐Related Limitations {#hep41342-sec-0003}
-----------------------

The definition of elevated ALT is controversial for several reasons. It has become clear recently that many laboratories set the cutoff value too high to detect chronic liver diseases such as NAFLD.[15](#hep41342-bib-0015){ref-type="ref"} Moreover, many primary care providers think that an elevated ALT is defined by an ALT value that is above 2 or even 3 times the upper limit of normal.[16](#hep41342-bib-0016){ref-type="ref"} Here it is worth emphasizing the following points: Abnormal ALT is defined as any value above sex‐specific cutoffs (19 for females and 30 for males).[17](#hep41342-bib-0017){ref-type="ref"} Clinicians might identify patients with suspected NAFLD more consistently by using absolute values rather than relying on laboratory‐specified reference ranges, although the feasibility and cost‐effectiveness of this approach requires further research; andAbnormal ALT is abnormal, as shown in previous NAFLD studies.[18](#hep41342-bib-0018){ref-type="ref"} It does not have to be 2 or 3 times the upper limit of normal.

Liver Ultrasound--Related Limitations {#hep41342-sec-0004}
-------------------------------------

Liver ultrasound has limited sensitivity to detect NAFLD when less than 20% of hepatocytes have steatosis on liver biopsy.[19](#hep41342-bib-0019){ref-type="ref"} Furthermore, ultrasound is not specific, because the diagnosis of NAFLD is based primarily on increased echogenicity of the liver, which could be due to fibrosis or other infiltrative processes. However, given the fact that many patients with NAFLD, even with advanced disease, may have normal ALT,[20](#hep41342-bib-0020){ref-type="ref"} the addition of ultrasound to ALT as a screening modality might be justified in high‐risk individuals such as those with T2D.

Identifying Patients With Advanced Fibrosis Who Will Benefit From Pharmacologic Treatment {#hep41342-sec-0005}
-----------------------------------------------------------------------------------------

A key aspect of any screening strategy for NAFLD will be to subsequently find patients at highest risk for liver‐related outcomes (i.e., those with advanced fibrosis \[F3‐F4\]). Although liver biopsy, and more recently advanced imaging modalities such as vibration‐controlled transient elastography (VCTE) and magnetic resonance elastography (MRE), can identify these individuals, their cost‐effectiveness needs additional research and their availability is limited, especially in the primary care setting. Therefore, primary care providers need an inexpensive, readily available method to decide which patients should be referred to a specialist for consideration of pharmacologic treatment. The Fibrosis‐4 (FIB‐4) index and the NAFLD fibrosis score (NFS) rely on readily available clinical variables, such as liver enzymes and platelet counts, to identify patients at risk for having F3‐F4.[21](#hep41342-bib-0021){ref-type="ref"}, [22](#hep41342-bib-0022){ref-type="ref"} They both meet the criteria of being simple tools that have acceptable accuracy to detect F3‐F4 with extensive validation in multiple cohorts and endorsement by the American Association for the Study of Liver Diseases.[23](#hep41342-bib-0023){ref-type="ref"}

Suggested Solution to Challenge \#1 {#hep41342-sec-0006}
-----------------------------------

As the disease burden and health‐related costs have increased, new cost‐effectiveness studies to evaluate the value of screening patients at risk for NAFLD are urgently needed. This is timely, as new NAFLD economic studies have recently emerged,[24](#hep41342-bib-0024){ref-type="ref"}, [25](#hep41342-bib-0025){ref-type="ref"} new medications are likely to be approved soon, and new accurate noninvasive tests have been developed. Until such studies are done, a "due diligence" approach and increased awareness in primary care and other clinical settings are warranted. Screening for NAFLD/NASH in patients with T2D and MetS using both ALT and ultrasound can be considered. Identifying patients at high risk for advanced fibrosis can be done by simple fibrosis scores such as FIB‐4 index and NFS. Patients with features suggestive of advanced disease should be referred to a specialist. This approach is summarized in Fig. [2](#hep41342-fig-0002){ref-type="fig"}.

![Primary care physicians' algorithm for the identification of patients with NAFLD and advanced fibrosis. Screening for NAFLD with ALT and ultrasonography should be considered in high‐risk patients, such as those with metabolic syndrome and type 2 diabetes or MetS. In patients with NAFLD, the presence of advanced fibrosis can be determined by the NFS or FIB‐4 index. For patients with indeterminate or discordant results, an advanced serologic or imaging test can be ordered, such as the ELF test and VCTE, respectively.](HEP4-3-605-g002){#hep41342-fig-0002}

Challenge \# 2: Do We Need to Obtain a Liver Biopsy on All Patients Before Starting Treatment? {#hep41342-sec-0007}
==============================================================================================

Liver biopsy is an invasive procedure with potential for serious complications, including but not limited to bleeding (hemobilia, subcapsular hematoma, hemoperitoneum), pneumothorax, and even death.[26](#hep41342-bib-0026){ref-type="ref"} Historically, biopsy was the only reliable method to determine the stage of fibrosis. However, over the last decade, several developments in serologic and radiologic tests for fibrosis have rendered a liver biopsy less necessary to identify patients with advanced fibrosis.[27](#hep41342-bib-0027){ref-type="ref"}, [28](#hep41342-bib-0028){ref-type="ref"} Imaging studies such as VCTE or MRE and serologic tests such as the enhanced liver fibrosis (ELF) can potentially determine which patients have advanced disease, although some limitations still exist as reviewed by Wong et al.[28](#hep41342-bib-0028){ref-type="ref"} In fact, a recent study that assessed the efficacy of combination therapy for NASH‐induced advanced fibrosis (NCT03449446) demonstrated that patients who have liver stiffness measurement (LSM) greater than or equal to 14.0 kPa and ELF score greater than or equal to 9.8 had very high likelihood of having F3‐F4 on liver biopsy (data in preparation for publication), which supports the use of noninvasive scores to determine the need for treatment with agents that have antifibrotic activity. Another recent study has shown that using a composite score of controlled attenuation parameter (measured using VCTE), liver stiffness (also measured by VCTE), and aspartate aminotransferase can accurately predict patients with a fibrosis score greater than or equal to 2 and a NAFLD activity score greater than or equal to 4 (a histological score to determine whether patients have NASH before entry in NASH clinical trials).[29](#hep41342-bib-0029){ref-type="ref"} This score might need to be modified to identify patients with F3‐F4.

Suggested Solution to Challenge \#2 {#hep41342-sec-0008}
-----------------------------------

Several algorithms that include imaging studies (e.g., VCTE) and serologic tests (e.g., ELF) can be used by specialists to eliminate the need for liver biopsy when deciding on the need for pharmacotherapy. Longitudinal studies to assess whether changes in such biomarkers and algorithms correlate with treatment response are needed and should become available prior to drug approval.

Challenge \#3: How Do We Monitor Response to Treatment? {#hep41342-sec-0009}
=======================================================

The two drugs that could potentially make it to FDA approval first (OCA and SEL) have a primary outcome that includes the improvement in liver fibrosis by one stage based on liver histology obtained by biopsy after 1 year of treatment. Given that repeat biopsy is the primary method to assess response and that response rate in terms of improvement in liver fibrosis by one stage occurs at best in approximately 45% of patients based on phase II data, how will this play out in real‐world settings when payers may require some evidence that the medication is having a positive effect before allowing continuation? This could lead insurance providers to require a liver biopsy after 1 year of treatment to determine eligibility for longer duration. However, this will expose patients to additional risk related to biopsy complications, especially when using relatively safe medications. Therefore, noninvasive methods to assess response at the 1‐year mark are needed.

Although noninvasive tests such as ELF and VCTE have shown acceptable accuracy in predicting advanced fibrosis in NASH patients, their utility to predict treatment response needs further validation. Furthermore, what constitutes a clinically meaningful response using these tests after 1 year of treatment remains highly controversial. Fortunately, longitudinal data including correlation among VCTE, blood biomarkers and histology are being collected in current phase III trials. These studies will need to focus on longitudinal analyses of noninvasive assessment of treatment response if the drugs prove to be effective.

Suggested Solution to Challenge \#3 {#hep41342-sec-0010}
-----------------------------------

One reasonable approach to noninvasively determine response after 1 year of treatment will be to use a combination of a biomarker (or set of biomarkers) and an imaging test.[30](#hep41342-bib-0030){ref-type="ref"} Although simple fibrosis scores such as FIB‐4 index and NFS are helpful in case identification of patients with advanced fibrosis, they are less likely to be responsive to treatment effects. A combination of tests such as ELF to assess "biochemical response," and VCTE or MRE to assess "radiological response," might be the best approach.

For example, if both VCTE and ELF indicate improvement, then the drug should be continued. If both indicate no response or worsening of disease severity, then the drug could be discontinued. If the tests show discordant results, then a liver biopsy might be helpful. Figure [3](#hep41342-fig-0003){ref-type="fig"} provides a simplified algorithm that can be used by practicing clinicians to determine treatment response. Further data from the current ongoing treatment programs are emerging and need to support these proposed solutions.

Challenge \#4: Treatment Modification/Escalation: Add‐on Therapy Versus Switching {#hep41342-sec-0011}
=================================================================================

It is likely that in clinical practice certain patients will experience initial improvement with a drug but possibly no further improvement following continuation of therapy. For example, a patient may show improvement in both VCTE and ELF at year 1 of treatment but no further improvement at year 2. One may argue that preventing progression is a successful strategy by itself; stopping the drug may increase the risk for worsening disease. However, most experts will agree that further improvement is preferable. If we have multiple approved drugs with different mechanisms of action, then the next logical step could be to add on a second agent to increase the chances of response. However, one question will be whether switching to another agent is sufficient for continuation of improvement. This is largely unknown at this point, but lessons from diabetes have taught us that an add‐on strategy might be the best approach.[8](#hep41342-bib-0008){ref-type="ref"} The initial management of individuals with new‐onset T2D typically starts with lifestyle modifications and metformin monotherapy, but when this approach fails to achieve the glycemic target, combination therapy with another agent is usually started (dual therapy).[31](#hep41342-bib-0031){ref-type="ref"} If the hemoglobin A1c (A1C) target is not achieved after 3 months of dual therapy, a third agent could be added as part of triple therapy. Patients who present with very high A1C at diagnosis should be started on dual therapy from the beginning.

Another question will be how to determine response to adding a second agent. It is plausible that the same tests used to determine response to the initial agent should be used to assess the response to add‐on therapy.

Suggested Solution to Challenge \#4 {#hep41342-sec-0012}
-----------------------------------

For patients with partial response to a single agent based on serologic and radiologic tests, adding a second agent and using the same tests to assess further response to combination therapy might be proven to be the best strategy. What constitutes an acceptable response based on noninvasive tests in comparison to histologic improvement in fibrosis remains to be determined. Given the fact that fibrosis is scored on a 5‐point scale (F0‐F4), it is reasonable to suggest that a reduction in biomarker level or liver stiffness by 20% from baseline constitutes a meaningful response. Using this logic, a decrease in LSM by VCTE by 20% from baseline or to less than the cutoff for F3 (approximately 9 kPa) could be considered a sufficient response after 1 year of treatment. A biomarker response can be defined as a 2‐point reduction in ELF score as an example. Assessing treatment response with noninvasive biomarkers (such as with VCTE+ELF) should be done within phase III trials and published prior to a drug's approval. The same algorithm provided in Fig. [2](#hep41342-fig-0002){ref-type="fig"} could be used to determine the efficacy of combination therapy.

Challenge \#5: If We Have Two Approved Antifibrotics, How Do We Decide Which One to Use First in Individual Patients? {#hep41342-sec-0013}
=====================================================================================================================

It is a likely scenario over the next few years that we will have more than one drug approved for the treatment of NASH‐related advanced fibrosis, but no head‐to‐head data comparing the available agents. This begs the question of how clinicians will choose which agent to use as initial treatment. Adverse effects will definitely play a role in the decision‐making process, along with the presence of comorbidities. For example, clinicians may raise a concern regarding the use of OCA in a patient with extensive coronary artery disease, given its effects on lipid profiles,[32](#hep41342-bib-0032){ref-type="ref"} although this could be mitigated by increasing the statin dose. Using baseline factors that may predict response to certain mechanism(s) of action of a drug is an intriguing idea. For example, OCA is an FXR agonist that blocks the synthesis of bile acids. Could measuring baseline serum bile acids and C4 levels predict which patients with NASH fibrosis are more likely to respond to OCA? Similarly, could measuring baseline cytokeratin 18 fragments, a biomarker of hepatocyte apoptosis,[33](#hep41342-bib-0033){ref-type="ref"} predict response to SEL? These data are likely to emerge quickly with the conclusion of the phase III clinical trials that indeed measured these factors at baseline and in response to treatment. For example, The HepQuant SHUNT test is a minimally invasive test that measures hepatocyte function and inflow to the liver from the simultaneous clearances of cholate from systemic and portal circulations.[34](#hep41342-bib-0034){ref-type="ref"}, [35](#hep41342-bib-0035){ref-type="ref"} It is being tested in ongoing NASH treatment clinical trials to assess its correlation with other baseline tests of liver disease severity and its longitudinal changes with improvement or worsening of disease severity.

![Proposed algorithm to determine treatment response to fibrotic NASH medications. We use the ELF test as an example of serologic tests and the VCTE as an example of imaging studies. More data are needed before this algorithm can be adopted in clinical practice.](HEP4-3-605-g003){#hep41342-fig-0003}

Suggested Solution to Challenge \#5 {#hep41342-sec-0014}
-----------------------------------

Measuring baseline predictors that may determine the most relevant pathophysiologic mechanism for disease progression may prove to be useful in deciding which therapeutic agent should be tried first. Using the same biomarkers to assess for target engagement and response to therapy is an attractive option that needs further validation in a prospective manner.

In conclusion, the landscape of pharmacologic treatment for NASH‐related advanced fibrosis is on the verge of witnessing major changes.[36](#hep41342-bib-0036){ref-type="ref"} This requires professional societies to provide clear guidance to practicing clinicians on how to best use these treatment options. In an effort to start this conversation in our hepatology community, the following proposal may help with the development of a NASH management algorithm: Screening for NAFLD in at‐risk populations will likely be recommended and should be followed.In patients at risk for advanced fibrosis, determining the presence of advanced fibrosis by using the combination of biomarkers and imaging tests will likely be useful. Liver biopsy should be reserved for patients with equivocal results.If advanced fibrosis is present, treatment will likely be initiated with a single agent that has antifibrotic activity such as OCA or SEL.Re‐assessment of response to treatment with a single agent in 1 year and then on a yearly basis. If the patient has biomarker and imaging response, continue treatment with single agent.If there is no biomarker or imaging response, treatment with the initial single agent is futile, so stop and switch to another agent.If there is a partial biomarker and imaging response, the treatment was partially effective and adding another agent should be considered.

This article is based on prediction of the future NASH treatment landscape, taking into consideration the data available to date. Further research is needed and we are fully aware of the controversy that these suggestions may stimulate among hepatologists. We welcome the debate that will unfold over the next few years, anticipating that it will be full of exciting developments for patients with this common and potentially progressive disease. In the expectation that multiple drug approvals for treatment of NASH fibrosis are approaching, such a dialog should be welcomed to promote further research.
